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Depletion of fossil fuel resources and environmental issues associated with greenhouse gases 38 (GHG) are the main reasons increasing the attention towards renewable energy resources like 39 biomass. Various thermochemical technologies can be utilized to convert the biomass into 40 biofuels [1] . Among them, hydrothermal liquefaction (HTL) has received increasing interest in 41 the past decades as a process for converting biomass into drop-in biofuels and chemicals [2] [3] . 42 Higher temperatures and pressures to maintain the water as a liquid are generally employed [4] . 43 The biomass feedstock can be processed directly, without an energy-consuming drying step, 44 since water acts both as solvent and catalyst [5] [6] . High reactivity and superior ionic product 45 (Kw) of supercritical water break down biomass complex polymers including carbohydrates, 46 lipids, and proteins into smaller molecules that can be converted into bio-crude, water soluble 47 chemicals, solid residue, and gas [4, 7] depending on the catalysts, solvents, feedstock 48 composition,and pretreatment methods employed [8] [9] [10] . 49 To avoid negative impacts caused by food production, novel non-food biofuel feedstocks need 50 to be identified and utilised. One option is to utilise marine biomass, notably fast-growing, large 51 marine plants such as macroalgal kelps. Brown macroalgae, L. Digitata is considered as the 52 potential biomass source for energy production due to their relatively fast growth rates, ease of 53 harvesting, and low pre-production cost [11] . One of the studies reported the use of L. Digitata 54 biomass to generate bio-crude via HTL. They reported a bio-crude yield of 17.6 wt% (daf) basis 55 with a higher heating value (HHV) of 32 MJ/kg [12] . Another study on HTL of brown algae 56 Saccharina ssp. reported a yield of 8.7 and 27.7% of bio-crude depending on the harvesting 57 times and conditions of the macroalgae [13] . Spent Mushroom Compost (SMC) is commonly 58 used as a low cost commercial and private scale fertilizer. Approximately 5 kg of SMC is 59 generated from each 1 kg of grown button mushrooms on the farm [14] . That led to ca. 17 60 million metric tonnes of the byproduct in 2007 globally. In Europe alone, SMC availability is 61 estimated to be 47 million tonnes per year, which results in a potential of ~130 000 tonnes of 62 available feedstock per day [15] . 63 Although HTL has the potential to generate high yields of bio-crude, there are some limitations 64 that need to be addressed if L. digitata and SMC to be used as feedstocks. One of the major 65 3 limitations is their high ash content (L. Digitata up to 30% and SMC up to 50 %). The high ash 66 content is due to the presence of inorganic constituents, mostly alkali and alkaline earth metallic 67 species (AAEMs). This reduces the yield and quality of the generated bio-crude and restricts 68 their alternative usage in direct combustion and gasification processes [9, 16] Post-leaching, water washing steps are carried out in order to remove residual acids. It is well 80 known that alkaline HTL media lead to lower amounts of produced char. Meanwhile, HTL of 81 acidic feedstock slurries ends up generating higher amounts of solid residues. This is believed 82 to be brought on by the fact that low pH media promote dehydration, resulting in the production 83 of easily polymerising unsaturated compounds. HTL of model cellulose shows that acidic 84 conditions lead to lower yields exactly due to the polymerisation of 5-furfural [29] . 85 Neutralisation step via water washing is a welcome alternative especially when strong acids 86 (e.g. hydrochloric acid and sulphuric acid) are used in order to remove chlorine and sulphates 87 which enhance equipment corrosion and fouling in biocrude production and refining, 88 respectively. 89 In this study, we investigate the impacts of different leaching treatments on both macroalgae L. 90 Digitata and SMC biomass. Five different treatments were selected for the study: two strong 91 acids (hydrochloric acid and sulfuric acid), two weak acids (citric and acetic acid), and 92 deionised water. The study focused on analysis of the biomass changes in its physical-chemical 93 composition, and the impact of the pretreatment on the bio-crude yield through the HTL 94 process. The pre-treated and non-treated biomass samples were analyzed and compared for 95 their metal content and organic composition. 130 The alkali and alkaline earth metallic species (AAEMs) of each biomass sample were 131 quantified using inductively coupled plasma-optical emission spectroscopy (ICP-OES) 132 following Microwave Assisted Acid Digestion. The samples were prepared for analysis 155 Hydrothermal liquefaction experiments were carried out in a 10 mL stainless steel tubular 156 micro batch reactor at 400 o C and 25-30 MPa with a holding time of 15 minutes. Biomass slurry 157 was prepared with a composition of 85% deionized water, 15% dry biomass, and 5% K2CO3 of 158 total biomass (in case of a catalytic run) by weight. In a typical experiment, homogenized 159 biomass slurry (~5 g) was loaded in the reactor and sealed. The system was purged twice to 160 pressures of ~8 Mpa, flushed and finally pressurized to 2±0.1 MPa. The reactor was heated in a 6 preheated fludized sand bath (Techne SBL-2D). At the end of the reaction, the reactor was 162 quenched in a cold water bath. Gas products were vented in fume hood. HTL products were 163 separated into bio-crude fraction, water soluble fraction and solid residues according to the 164 procedure schematically shown in Figure 1 . 165 The water phase was poured out of the reactor and filtered using pre-weighed Whatman No. 5 166 filter paper to collect the solid product. The reactor was washed using acetone (Sigma Aldrich) 167 to recover the biocrude. The acetone and bio-crude mixture was filtered and evaporated using a 168 rotary evaporator to remove the acetone. The solid residue was oven-dried at 105 o C for 24 h. 169 All HTL experiments were performed in triplicates. Table 1 .
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As shown in Table 1 The experiments with 5% citric acid solutions, however, showed that 238 stronger acid leaching removes more acid-solubles. Namely, in L. Digitata, water-solubles 239 added up to just 7.5% of the total removed ash, while in SMC, the same was true for 9.4% of 240 the removed ash. This confirms the previously described higher efficiency of acid leaching. 241 The organic components of biomass are composed of different hydrocarbons which mainly 242 consist of C and H atoms. The molecular mass of C is much higher than H, thus the C/H wt% 243 ratio reflects variances in amounts of hydrocarbons. When some hydrocarbons are washed 244 away, the C/H wt% ratio decreases. As shown in Table 2 , the C/H wt% ratio of raw and treated 245 samples fluctuates between 7.19 and 7.55 in case of L. Digitata, and 7.77 and 9.31 for SMC. The C/H wt% ratio decreased slightly after the leaching processes, which illustrates that a 247 fraction of organic components were removed from samples during the leaching process. 248 The contents of AAEMs in untreated and treated samples are listed in Table 3 . K and Na 249 contents of untreated L. Digitata are higher than other metal contents and this is common in 250 brown macroalgae. After distilled water leaching, very small amount of AAEMs were removed, 251 which suggests that the majority of these AAEMs were present in the form of water-insoluble 252 salts. Comparing to water leaching, the amount of AAEMs had different degrees of decline 253 after acid leaching, and such decline was related with acidity of leaching agents. Especially 254 after leaching by strong acids such as HCl and H2SO4, more than 90% AAEMs were removed, 255 and, comparing to their reduction by water leaching, it can therefore be deduced that most of 256 AAEMs were present in the form of water-insoluble salts. Ca and K content of untreated SMC is higher than other metal content, while this is not 342 Although strong acids HCl and H2SO4 were better pretreatment agents for leaching both L. 357 HTL products and yields of citric acid treated and untreated biomasses are presented in Table   358 4&5.
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359 As anticipated from the proximate analysis, a higher bio-crude yield (29.15%) was obtained 376 from the catalytic HTL of citric acid treated L. Digitata than that of untreated through catalytic 377 HTL, which had a bio-crude yield of 20.69%. Similarly in case of SMC, a higher bio-crude 378 yield (25.06%) was obtained from the non-catalytic HTL of citric acid treated SMC than that of 379 untreated SMC through non-catalytic HTL i.e. 22.86%. There are no significant differences in 380 elemental carbon and hydrogen composition in bio-crude samples obtained from both untreated 381 and treated biomasses (Table 6) . High oxygen and nitrogen content in bio-crude suggests that 382 an upgrading step is required after the HTL process to convert the product into a drop-in fuel. In summary for the HTL primary fuel target, the bio-crude, we observe an increase in yield and 389 lower ash content, along with decrease in solid residues after the leaching pretreatment. 14 Although assessing process economics is not among the main objectives of this study, it is 391 necessary to discuss the issues of additional costs and resources associated with feedstock 392 leaching inclusion. Due to low acid concentrations necessary for efficient removal of 393 inorganics, the additional amount of water required for the proposed pre-treatment step is the 394 key factor. The economics of acid leaching are highly dependent on local water availability, 395 water costs and expenses related to process water treatment. Furthermore, costs encountered 396 due to HTL system plugging and fouling are production site specific, namely due to the varying 397 system design and the implemented char evacuation technologies. In the end, case studies shall 398 be carried out to weigh the economic advantages and disadvantages of acid leaching 399 pretreatment for continuous HTL plants. 400 As far as the results from this study go, the inclusion of feedstock acid leaching is seen as a 401 HTL enabling strategy. The fact that experiments with macroalgae and SMC at batch scale 402 exhibited signs of potential blockage problems (i.e. major agglomeration of solids in the 403 reactor) raise concern for the viability of continuous HTL with such feedstocks. On the other 404 hand, biomass leaching did not lead to decreased bio-crude yields and quality. Given that cheap 405 biomass often has a low calorific value, is of high humidity and exhibits a high content of 406 inorganics, system blockages are the major obstacle for large scale continuous HTL processing. 407 Waste biomass valorisation via HTL is known for its high energetic efficiency [34] 413 Water demand was quantified for each leaching procedure with the two studied feedstocks. In 414 the case of L. digitata, the acetic and citric acid leached biomass reached neutral pH after 6 415 washing steps, whereas algae exposed to hydrochloric and sulphuric acid leaching remained at 416 pH 5 and 4, respectively, even after 8 washing steps. Acetic, citric and sulphuric acid leached 417 SMC reached neutral pH already after 3 washing steps, whereas hydrochloric acid pretreated 418 biomass remained at pH 5 after 8 consecutive washing steps. Here, 3, 6 and 8 washing steps 
Water demand for biomass neutralisation
